Beam Losses due to Gass Scattering
iIn C-BETA

Analytical estimates using averaging
beta functions



Parameters to be used for for C-BETA

Avg current 0.13~1.3A Energy gain per pass 48.5 MeV
Bunch charge 256 pC Number of FFAG passes 7

Rep. frequency 1.3 GHz Cold temp. (linac) 2 K

Warm temp. (arcs+straight) 300 K Linac pressure 1.E-12 Torr
Warm section pressure 1E-9 Torr Avg. beta functioninarcs 0.5m

lon species H,, CO, H,0 Norm. Emittance, RMS 2um
Accelerator circumference 64.34 m Linac length 10 m

Avg. beta functioninlinac 50 m



Beam parameters along the ring
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Beam Loss due to Elastic Scattering
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Beam Loss Due to Bremsstrahlung
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Beam losses at initial operations

*The estimate assumes that the collimators locate at the last pass of the linac
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Beam losses at stable operations

*The estimate assumes that the collimators locate at the last pass of the linac
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Summary

Assuming that the limiting transverse aperture locates
at the last linac pass, the analytical estimate shows
that in the initial operation stage, the beam loss due to
elastic scattering ranges from 1 pA (2.5 cm aperture) to
10 pA (1 cm aperture).

Assuming that the limiting energy aperture locates at
the last linac pass, the estimate shows that in the initial
operation stage, the beam loss due to Bremsstrahlung
ranges from 0.15 pA (0.1 MeV energy aperture) to 0.25
pA (1 MeV energy aperture).

At the stable operation stage, the beam loss due to
both processes reduces by a factor of 2.

More accurate estimates can be achieved by numerical
simulations (BMAD).
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Cross Section For Elastic Scattering
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Where the factor of 2 comes from?
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Figure 1: angular aperture illustration of 1- D and 2- D. The horizontal direction is the
horizontal deflection angle and the vertical direction is the vertical deflection angle.

(a) 2-D angular collimator with aperture of &, ,; (b) 1-D angular collimator with

aperture of 9)}@9. For elastic scattering, eq. (7) suggests that, if Qape =\/5t9y ape? the

integrated cross-sections for (a) and (b) are the same. In other words, if a bunch of
electrons incident into the collimator, the number of electrons passing through
collimator (a) equals to the number of electrons passing through collimator (b) if

their aperture satisfy 0, = V20
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Cross Section For Bremsstrahlung
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by AW.Chao p.213

2.Beam-Gas and Thermal Photon Scattering in the

NLC Main Linac as a Source of Beam Halo’ by P.
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Differential Cross Section (barn)
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